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1 

Data transmission resources optimization 

BACKGROUND OF THE INVENTION 

The invention relates to the optimization of the use of data trans- 
mission resources in a data call, and particularly to the optimization of the use 
5 of traffic channels on the air interface of high speed data transmission services 
based on multichannel technology. 

Modern mobile communication systems provide subscribers with 
both normal speech transmission and various data transmission functions. In 
mobile communication systems, the available data transmission capacity on 

10 the air interface is divided between several users by a multiple access princi- 
ple. The most common multiple access principles include time division multiple 
access (TDMA), code division multiple access (CDMA) and frequency division 
multiple access (FDMA). In TDMA systems, communication over a radio path 
takes place on a time division basis in successive recurrent TDMA frames, 

15 each of which comprises several time slots. Time slots are mainly used for 
transferring control channels and traffic channels. Traffic channels are used for 
transmitting speech and data. In this application, data refers to any information 
conveyed in a digital telecommunication system. Such information may com- 
prise digitized speech, inter-computer data communication, telefax data, short 

20 program code segments etc. Control channels are used for signalling between 
a base transceiver station and mobile stations. An example of a TDMA radio 
system is the pan-European mobile system GSM (Global System for Mobile 
Communications). 

Depending on the data transmission rate required, a traffic channel 

25 may comprise one subchannel (e.g. a TDMA time slot) or many subchannels 
(e.g. many TDMA time slots for a high speed data transmission) in modern 
mobile communication systems. For example in the GSM system, a high 
speed data service HSCSD (High Speed Circuit Switch Data) is defined, in 
which data service a traffic channel may comprise several subchannels. 

30 Channels and subchannels can be allocated symmetrically or asymmetrically. 
Correspondingly, a high speed data service has been planned for e.g. the 
third-generation mobile communication systems, such as the UMTS (Universal 
Mobile Telecommunication System) and the IMT-2000 (International Mobile 
Telecommunication 2000). Also in professional mobile radio systems, e.g. the 

35 TETRA (Terrestrial Trunked Radio), it is possible to allocate several subchan- 
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nels to one connection. The user data transmission rate on the air interface is 
affected by the number of subchannels and also the used channel cod.ng 

m6th0d Figure 1 shows one possible data transmission situation in the GSM 
system In the example of Figure 1. a data transmission call is a call between 
two mobile stations. When a mobile station MS A makes a data transm.ss.on 
call to a mobile station MS B, a leg 1 is formed for the call, i.e. the connects, 
between the mobile station MS A and a serving mobile services switching 
centre MSC 1. Correspondingly, a leg 2 is formed for the same connection 
between the mobile station MS B and a serving mobile services sw.tch.ng 
centre MSC 2. For both legs 1 and 2, the number of subchannels requ.red by 
the data transmission rate is allocated. One leg is not aware of the situation of 
the other leg, although both legs were served by the same mobile services 
switching centre. When e.g. the data transmission rate of the call leg 1 on the 
air interface Air varies e.g. due to the upgrade, i.e. the increase in the number 
of subchannels, or the downgrade, i.e. the decrease in the number of sub- 
channels, the leg 2 does not follow. As a result of upgrading the leg 1 , the mo- 
bile station MS A may thus uselessly allocate subchannels from the a.r inter- 
face which subchannels it is unable to use because of the poorer data trans- 
mission rate of the leg 2. Correspondingly, as a result of downgrading the leg 
1 the mobile station MS B may allocate subchannels from the a.r interface 
uselessly, which subchannels it is unable to use due to the decreased data 
transmission rate of the leg 1. The situation remains the same, whether the 
mobile stations MS A and MS B are served by the same or a different mobile 

25 services switching centre. , 

A problem in the arrangement described above is that the a.r inter- 
face cannot be utilized in the most efficient way, because the information on 
the data transmission rate change of one leg is not conveyed to the other leg 
of the same connection. The efficient utilization of the radio spectrum .s the 
main factor in planning and implementing mobile communication networks. 

The inefficient use of traffic channels may present a problem in a 
call between a mobile station and a fixed network as well. A fixed network part 
can offer (e.g. due to an autobauding handshaking of modems or the used 
fixed network protocol) a data rate much higher or much lower than requested 
in the call set-up. A problem may also be provisory, caused by the qual.ty of 
the connection or the network. 
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In fixed network calls, too, the inefficient use of traffic channels may 
present a problem. For example, when transferring data in a broadband net- 
work between two narrowband ISDN networks, several time slots can be allo- 
cated to the connection in the network side, when the data transmission rate in 
different ISDN network sides is not necessarily the same and the resources on 
the other side can be wasted. 

BRIEF DESCRIPTION OF THE INVENTION 

It is thus an object of the invention to provide a method and an ap- 
paratus implementing the method to eliminate the above problems. The object 
of the invention is particularly to utilize the available channel capacity as effi- 
ciently as possible. The objects of the invention are achieved by a method, a 
system and an interworking unit which are characterized by what is said in the 
independent claims. The preferred embodiments of the invention are disclosed 
in the dependent claims. An interworking unit refers herein to any network 
element with an interworking function in a data transmission network. 

The invention is based on the network adapting the traffic channel 
resources between the mobile station and the network to the outward connec- 
tion of the network element, e.g. the connection to another mobile station or to 
the fixed network, by observing and comparing the data transmission capacity 
of connection parts or by receiving information from the outward connection on 
its data transmission capacity. 

The method, system and interworking unit of the invention prov.de 
the advantage of using traffic channels, e.g. radio channels, efficiently in multi- 
channel calls. In respect of the capacity of the whole end-to-end connection, 
there is always an adequate amount of channels allocated. The method pro- 
vides a user with the highest possible data rate with the lowest possible costs. 
For the network operator, the method offers network resources measuring and 
optimization and a service with a better price-quality ratio for users. 

In a preferred embodiment of the invention, the capacity allocated 

i from the data transmission resources is controlled by the amount of padding 
transmitted over the connection and by flow control. This provides the advan- 
tage that the information on the capacity of one end need not be separately 
transmitted, because it can be concluded on the basis of the amount of pad- 
ding and the flow control. Further, the real need for the capacity will be found 

j out and the capacity will be adapted to it. 
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In another preferred embodiment of the invention, the capacity allo- 
cated from the data transmission resources is controlled by the amount of 
padding transmitted over the connection and the need for buffering. Also this 
provides the advantage that the information on the capacity of one end need 
5 not be separately transmitted, because it can be concluded on the basis of the 
amount of padding and the need for buffering. Further, the real need for the 
capacity will be found out and the capacity will be adapted to it. 

In a preferred embodiment of the invention, in which the connection 
is a connection between mobile stations, the air interface capacities are ar- 
10 ranged to correspond to each other by conveying information on the capacity 
allocated from the air interface to the other mobile station. This provides the 
advantage that the capacity for the same data transmission rate is allocated to 
both mobile stations participating in the same call from the air interface. 

BRIEF DESCRIPTION OF THE FIGURES 
15 m the following the invention will be described in greater detail in 

connection with the preferred embodiments, with reference to the attached 

drawings, in which 

Figure 1 illustrates different legs of the same connection, 

Figure 2 shows a signalling diagram in the first preferred embodi- 

20 ment of the invention, and 

Figures 3 and 4 show the operation according to the second pre- 
ferred embodiment of the invention as a flow chart. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention can be applied both to telecommunication 

25 systems based on a fixed network and to all digital wireless telecommunication 
systems, such as cellular systems, WLL-type (Wireless Local Loop) and RLL- 
type (Radio Local Loop) networks and satellite-based mobile communication 
systems. The invention is particularly applicable to optimize the use of the re- 
sources on the air interface in a mobile communication system, as the re- 

30 sources on the air interface are limited. In this connection, the term 'mobile 
communication system' (or network) refers generally to all wireless telecom- 
munication systems. There are several multiple access modulation techn.ques 
to facilitate the communication with a plurality of mobile users. These tech- 
niques include time division multiple access (TDMA). code division multiple 

35 access (CDMA) and frequency division multiple access (FDMA). The phys.cal 
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concept of a traffic channel varies in different multiple access methods, and it 
is primarily defined by means of a time slot in TDMA systems, a spreading 
code in CDMA systems, a radio channel in FDMA systems, a combination of 
these etc. In modern mobile communication systems, it is possible to allocate 
5 a set of two or more basic-rate traffic channels (subchannels), or a so-called 
high speed traffic channel, to a mobile station for high speed data transmis- 
sion. In this connection, the term 'traffic channel' refers both to a single basic- 
rate traffic channel and to a high speed traffic channel consisting of two or 
more basic-rate traffic channels (subchannels). The basic idea of the present 

10 invention is independent of the type of the traffic channel and the multiple ac- 
cess method used. 

In the following the invention will be described by using the GSM 
system as an example without restricting the invention to this system in any 
way. The structure and operation of the GSM system are known to a person 

15 skilled in the art. The basic structure of the GSM system comprises a base 
station subsystem BSS and a network subsystem NSS. The BSS and the mo- 
bile stations MS communicate over radio connections via the air interface Air. 
In the base station system BSS each cell is served by a base transceiver sta- 
tion BTS. A number of base transceiver stations are connected to a base sta- 

20 tion controller BSC, which controls the radio frequencies and channels the 
BTS uses. The BSCs are connected to a mobile services switching centre 
MSC. Certain mobile services switching centres are connected to other tele- 
communication networks ON, such as the public switched telephone network 
PSTN or a data network, and they comprise gateway functions for calls origi- 

25 nating from and terminating at those networks. These centres MSC are known 
as gateway MSCs (GMSC). Further, there are at least two databases, a home 
location register HLR and a visitor location register VLR. 

The mobile communication system comprises adaptation functions 
to adapt the internal data connection of the mobile communication network to 

30 the protocols used by terminals and other telecommunication networks. Typi- 
cal adaptation functions include a terminal adaptation function TAF (not shown 
in Figure 1) on the interface between a mobile station and a data terminal 
connected to the mobile station, and an interworking function IWF on the in- 
terface between a mobile communication network and another telecommuni- 

35 cation network, usually in connection with a mobile services switching centre. 
In the example of Figure 1, an interworking unit IWU including the interworking 
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function IWF is located in the mobile sen/ices switching centres MSC 1 and 
MSC 2. Alternatively, an IWU can be located in some other network element or 
as an independent element. In this application, the term 'interworking unit' re- 
fers thus to a network element comprising an interworking function. 
5 Usually a mobile services switching centre comprises various types 

of adapter equipment pools for supporting different data services and data 
protocols, e.g. a modem pool with modems and telefax adapters for modem 
and telefax services, an UDI/RDI rate adapter pool etc. 

In the GSM system, a data connection is established between the 

10 terminal adaptation function TAF of the mobile station MS and the interworking 
function IWF in the mobile communication network. Said GSM data connection 
is established over the physical connection using one or more traffic channels 
on the air interface. The IWF switches the GSM data connection to another 
network, such as the ISDN or another GSM network, or to the public switched 

1 5 telephone network PSTN. If one party of the data connection is a terminal in a 
fixed network, e.g. the PSTN, the leg 2 is formed between the interworking 
function of the gateway mobile services switching centre and the terminal. The 
interworking functions, e.g. the IWF, take care of bearer services, by which 
e.g. technical prerequisites for switching functions are created for teleservices. 

20 A bearer service can guarantee a specific, even as high as 64 kbit/s, user rate 
on the air interface. The interworking function IWF buffers data packets and 
performs the flow control. How the flow control and the buffering is performed 
has no relevance to the present invention, and thus it is not described in 
greater detail herein. 

25 Data traffic between the MSC/IWU and the base transceiver station 

is transparent, and the present invention does not affect the operation of other 
network elements, such as base station controllers BSC or base transceiver 
stations BTS. 

In addition to prior art means needed for data transmission services, 
30 the mobile communication system implementing the functionality of the pres- 
ent invention comprises means for adapting the traffic channel capacity on the 
air interface to correspond to the traffic channel capacity on the air interface of 
another mobile station in the same data transmission connection, or to the 
channel capacity of the fixed network used by the connection. The means are 
35 preferably located in connection with the call control of the mobile services 



WO 00/22854 W PCT/FI99/00840 



switching centre or in connection with the interworking unit. The means or part 
of the means can also be located somewhere else. 

The network structure requires no equipment changes. It comprises 
processors and memory, which can be utilized in the functions according to 
5 the invention. All changes needed for implementing the invention can be per- 
formed as added or updated software routines to accomplish the functionality 
of the invention. Depending on the embodiment of the invention, memory ex- 
tension may be needed. It is, however, restricted to a small amount which is 
enough to store excess resource allocation information, i.e. the information on 

1 0 the capacity of each leg. 

The term 'capacity' refers herein to a traffic channel on the air in- 
terface allocated to a leg and channel coding used therein, which determine 
the user data transmission rate on the air interface. 

In the following, the invention will be described according to the 

15 preferred embodiments. How traffic channels and their subchannels and the 
used channel codings are allocated and how the allocations are changed dur- 
ing the connection, have no relevance to the invention, and thus they are not 
described in greater detail. It is equally irrelevant to the invention, how the or- 
der of data is maintained in multichannel transmission, and so it will not be 

20 described in greater detail either. 

Figure 2 illustrates signalling according to the first preferred em- 
bodiment of the invention. In the first preferred embodiment of the invention, 
leg-specific channel allocation information of the connection is maintained in 
the mobile services switching centre, in the example of Figure 2, two mobile 

25 stations under different switching centres participate in the call. If mobile sta- 
tions are under the same switching centre, the signalling in Figure 2 repre- 
sents internal signalling of the switching centre. In other words, the mobile 
services switching centre MSC 1 shows a call process taking care of the leg 1 
and the MSC 2 shows a call process taking care of the leg 2. Their physical 

30 location may change during the connection because of the handover between 
switching centres performed by the mobile station. It is further assumed that in 
the used channel allocation method a slower connection is established, if the 
amount of resources required by the desired data transmission rate is not 
available. 

35 At step 2-1, the mobile services switching centre MSC 1 has re- 

ceived a call set-up request to the mobile station B from the mobile station A. 
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The call set-up request includes the data transmission rate requested for the 
connection, on the basis of which data transmission rate the mobile services 
switching centre MSC 1 allocates the traffic channel to the connection and 
forms a leg 1. At the same time, the mobile services switching centre stores 
5 the information on the connection and the resources allocated on the air in- 
terface to the leg 1 of the connection. The information on the resources allo- 
cated to the connection is indicated for example in the form of the amount of 
the allocated subchannels and the used channel coding and/or the user data 
transmission rate on the air interface. 

10 Then the mobile services switching centre MSC 1 routes the call 

set-up request to the mobile services switching centre MSC 2 serving the mo- 
bile station B and transmits the call set-up request (setUp) in the message 2-2. 
In the first preferred embodiment of the invention, both the normal parameters 
and the information on the resources allocated to the leg 1 on the air inter- 

15 faces are added to the cail set-up request. 

Thereafter, the mobile services switching centre MSC 2 extracts 
also the information on the resources allocated to the leg 1 from the call set-up 
request. The mobile services switching centre MSC 2 allocates the traffic 
channel to the leg 2 of the connection preferably to correspond to the re- 

20 sources allocated to the leg 1 at step 2-3. If the mobile services switching 
centre MSC 2 has not enough subchannels available, less resources are allo- 
cated to the leg 2 than it has been allocated to the leg 1 . In the first preferred 
embodiment of the invention, however, no more resources are allocated to the 
leg 2 than to the leg 1. As the traffic channel has been allocated, the mobile 

25 services switching centre MSC 2 stores the information on the resources allo- 
cated to the leg 2 at step 2-3. Then the mobile services switching centre MSC 
2 transmits an answer message (2-4) to the call set-up request. In the first 
preferred embodiment, the answer includes the information on the resources 
allocated to the leg 2. In some other embodiments, the message 2-4 includes 

30 the information on the resources allocated to the leg 2 only when it could not 
be allocated as much resources to the leg 2 as to the leg 1 . 

Upon receiving the message 2-4, the mobile services switching 
centre MSC 1 extracts the information on the resources allocated to the leg 2 
from the message at step 2-5 and compares them with the resources allocated 

35 to the leg 1 . If the resources allocated to the leg 2 are smaller than the re- 
sources allocated to the leg 1, the mobile services switching centre MSC 1 
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preferably releases part of the resources allocated to the leg 1 in such a man- 
ner that the resources of both legs correspond to each other, and updates the 
information on the resources allocated to the leg 1 to correspond to the 
changed situation. This provides the advantage that the resources on the air 
5 interface of both sides are able to convey data with the same transmission rate 
in such a manner that the need for the flow control and the buffering is mini- 
mized and that the resources are not uselessly allocated on either of the air 
interfaces. 

When the resources on the air interface allocated to both legs 1 and 

10 2 correspond to each other and the connection is established, the mobile 
services switching centres start monitoring the traffic of the legs allocated to 
the connection. In the following it is exemplarily assumed that both the up- 
grade and the downgrade are performed for the leg 1 . 

At step 2-6, it is aimed at upgrading the leg 1. The decision on the 

15 need for upgrading is made according to the prior art. Differing from the prior 
art, in the first preferred embodiment of the invention the excess resources are 
preliminarily allocated to the leg 1 at step 2-6 and the message 2-7 informing 
about the need for upgrading is transmitted to the mobile services switching 
centre MSC 2. The message 2-7 includes the information on how much the 

20 amount of resources allocated to the leg 1 would be upgraded. It is expressed 
either directly by announcing the desired amount of additional resources or the 
desired total amount of the resources of the leg 1 . Upon receiving it, the mo- 
bile services switching centre MSC 2 defines the information on the additional 
resources needed for the leg 2 and checks whether it has said amount of ad- 

25 ditional resources available at step 2-8. If there are resources available, the 
mobile services switching centre MSC 2 allocates them to the leg 2, updates 
the information on the resources allocated to the leg 2 to correspond to the 
new situation and transmits the acknowledgement of the upgrade in the mes- 
sage 2-9A. The message either includes the information on how big the up- 

30 grade was or the information on the resources allocated to the leg 2 after the 
upgrade. This provides the advantage that if all the desired additional re- 
sources cannot be allocated to the leg 2, the upgrade procedure can however 
be performed and the amount of resources in both legs is the same. Upon re- 
ceiving the message 2-9A, the mobile services switching centre MSC 1 allo- 

35 cates the amount of additional resources to the leg 1 as expressed in the 
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message 2-9A and updates the information on the resources allocated to the 
leg 1 at step 2-1 OA. 

In some other embodiment, in which not so much resources can be 
allocated to the leg 2 as it is desired, additional resources are not allocated, 
5 but it is acted as if there were no resources available. 

If the mobile services switching centre MSC 2 detects at step 2-8 
that no resources are available, it transmits the information forbidding the up- 
grade to the mobile services switching centre MSC 1 in the message 2-9B. In 
this case, the mobile services switching centre MSC 1 preliminarily releases 
10 the additional resources allocated to the leg 1 at step 2-1 OB and does not 
perform the upgrade procedure. This provides the advantage that such re- 
sources that cannot be used because of the smaller resources on the air in- 
terface of the second leg are not uselessly allocated on the air interface of the 
first leg. 

15 in some embodiments, the mobile services switching centre MSC 2 

may stay and observe its resource situation after transmitting the message 2- 
9B and when it detects that resources are being released, it can for its part 
transmit a message 2-8 requesting the upgrade procedure to the mobile serv- 
ices switching centre MSC 1 . 

20 At step 2-1 1 , the leg 1 is downgraded. The decision on the need for 

downgrading is made according to the prior art. Differing from the prior art, in 
the first preferred embodiment of the invention the resource information of the 
leg 1 is updated at step 2-11 and the message 2-12 reporting on the down- 
grade is transmitted to the mobile services switching centre MSC 2. The mes- 

25 sage 2-12 includes the information on how much the amount of resources al- 
located to the leg 1 was downgraded. It is expressed either directly by the de- 
creased amount of resources or by the total amount of resources of the leg 1 
after the downgrade procedure. Upon receiving the message 2-12 the mobile 
services switching centre MSC 2 defines the information on the required re- 

30 duction in resources for the leg 2, releases the useless resources and updates 
the information on the resources allocated to the leg 2 to correspond to the 
new situation. Then it transmits the acknowledgement of the downgrade in the 
message 2-14. The message may be a simple acknowledgement message or 
it can include the information either on how big the downgrade was or on the 

35 resources allocated to the leg 2 after the downgrade procedure. 
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In some other embodiments, the information on the resources on 
the air interface is not yet added to the message 2-2 but it is transmitted as a 
separate message after the call set-up. The information on the resources on 
the air interface allocated to the connection can first be transmitted from the 
5 leg 1, i.e. the mobile services switching centre MSC 1, to the leg 2, i.e. the 
mobile services switching centre MSC 2, which compares the resources with 
each other. If the resources of the leg 2 are bigger than those of the leg 1, the 
mobile services switching centre MSC 2 releases resources allocated to the 
leg 2 to correspond to the resources of the leg 1 . If the resources of the leg 1 

10 are bigger than those of the leg 2, the mobile services switching centre MSC 2 
preferably transmits the information on the resources allocated to the leg 2 to 
the mobile services switching centre MSC 1 , after which the mobile services 
switching centre MSC 1 compares the resources and releases a part of the 
resources allocated to the leg 1 . The information on the resources allocated to 

15 the leg is updated. It is also possible that the mobile services switching centres 
transmit the information on the resources allocated to their own leg on the air 
interface to each other. Then, the mobile services switching centre in which 
more resources may have been allocated, releases the excess resources. 

In some other embodiment of the invention, mobile services 

20 switching centres may transmit the information to the other mobile services 
switching centre always when the utilization ratio of the allocated resources 
changes. Then the other mobile services switching centre can conclude 
whether it is worthwhile to upgrade or downgrade its own leg, and if it is, with 
what amount it is to be done. 

25 The steps and signalling messages described above in Figure 2 are 

not in an absolute chronological order and part of the steps can be performed 
simultaneously or as differing from the described order. The signalling mes- 
sages are only illustrative and may also include several separate messages to 
convey the same information. Further, messages may also include other in- 

30 formation. Messages can also be freely combined or divided into several parts. 
For example, the upgrade procedure may be performed by asking a permis- 
sion, getting the permission, allocating additional resources, transmitting the 
information on the allocation of the additional resources, allocating the addi- 
tional resources to the other leg and transmitting the information on that. It is 

35 essential in the first preferred embodiment that the information on the alloca- 
tion situation of different legs is exchanged always when the allocation situa- 
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tion changes. Without this information, the allocation situation of one leg can- 
not be adapted to correspond to the resources allocated to the other leg. Each 
mobile services switching centre concludes independently, how to adapt its 
own situation on the basis of the resource situation of the other. Depending on 
5 the network structure, other network elements to which various functionalities 
have been distributed can also participate in signalling and conveying the in- 
formation. 

It is obvious for a person skilled in the art how the above described 
method is applied to a data call with several participating mobile stations. 

10 Although it is assumed above for the sake of clarity that the chan- 

nels on the air interface are allocated symmetrically, the invention can also be 
applied when using asymmetrical channel allocation. For example, the steps 
described above in Figure 2 can be carried out separately for an uplink trans- 
mission path and a downlink transmission path. Alternatively, the information 

1 5 on the resource situation of both directions of the leg or the need for changing 
the situation can always be included in messages. Then it has to be remem- 
bered that the uplink transmission path of the leg 1 has to be adapted to the 
downlink transmission path of the leg 2. Correspondingly, the downlink trans- 
mission path of the leg 1 has to be adapted to the uplink transmission path of 

20 the leg 2. 

Figures 3 and 4 show the operation according to the second pre- 
ferred embodiment of the invention. In the second preferred embodiment of 
the invention, separate signalling is not needed, but the interworking unit ob- 
serves data traffic to the uplink and downlink directions in each connection. 

25 The connection is divided into two connection parts. The first connection part 
exists between the mobile station and the interworking unit. The second con- 
nection part exists between the interworking unit and the other party of the 
data connection. The other party can be a mobile station or a terminal in a 
fixed network. The difference in the transmission rate between these connec- 

30 tion parts can be detected by observing. In the second preferred embodiment 
of the invention, the invention is also applicable to a call between apparatuses 
in two different systems, e.g. between a mobile station and a fixed network. 
Figure 3 illustrates the observation and adaptation of the resources on the 
downlink traffic channel. Correspondingly, Figure 4 illustrates the observation 

35 and adaptation of the resources on the uplink traffic channel. In the examples 
of Figures 3 and 4, the adaptation of the capacity on the air interface is based 
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on the detection of padding and/or flow control during monitoring. Alternatively, 
e.g. the amount of padding and the filling degree of the buffer can be moni- 
tored. Monitoring helps to detect the difference in the data transmission rates 
of the connection parts, and thus of the whole connection. The appearance of 
5 padding or flow control in the payload flow or the buffering of the payload flow 
are events indicating differences in the capacity of the connection. A difference 
in the capacity refers both to a difference in the use of the capacity, i.e. differ- 
ent transmission rates of payload, and to a difference between the amounts of 
various capacities. By defining the "extent" of the event, the difference be- 

10 tween the connection parts can be concluded. The extent of padding is de- 
fined by measuring its amount, the extent of flow control is defined by its dura- 
tion and the extent of buffering is defined by the filling degree of the buffer or 
the filling rate of the buffer. 

Figure 3 starts with the situation after the call set-up. At step 301, 

15 the downlink direction of the connection is monitored. In other words, the out- 
put and input channels of the downlink direction are monitored in the inter- 
working unit. At step 302 it is checked whether padding (fill frames, Receiver 
Ready frames etc.) is transmitted in the outgoing direction, i.e. in the direction 
of the mobile station. The transmission of padding may indicate that too much 

20 capacity on the air interface is allocated. If it is detected at step 302 that pad- 
ding is going to the output channel, the amount of padding transmitted in the 
direction of the mobile station is measured at step 303. At step 304 the 
amount of the padding to be transmitted is compared with the subchannel ca- 
pacity. In other words, it is checked how much padding is to be transmitted in 

25 regard to the subchannel capacity. It is thus detected how much padding there 
is in the transmission compared to the smallest stage of change in the capac- 
ity. The smallest stage of change is preferably the capacity of one subchannel. 
The stage of change can also be defined as being of a different size. On the 
basis of the comparison at step 304 it is detected whether in addition to the 

30 payload, the padding has to be transmitted so much that the channel capacity 
could be decreased without slowing down or significantly slowing down the 
payload transmission. 

If too much capacity, i.e. at least the capacity of one subchannel, is 
allocated to the downlink direction, (and thus the condition of step 304 is ful- 

35 filled), the capacity allocated to the connection is decreased by the downgrade 
procedure performed at step 305. In the second preferred embodiment, one 
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subchannel is downgraded at a time. It would be possible to downgrade more 
subchannels at one time, if the amount of padding were equal to at least the 
combined capacity of the subchannels to be "released". After the downgrade 
procedure, it is returned to step 301 to monitor the downlink direction of the 
5 connection. It is returned to step 301 straight from step 304, if the amount of 
padding is not equal to at least the amount of the subchannel capacity. 

If it is detected at step 302 that the padding need not be transmit- 
ted, i.e. the amount of data needs all allocated capacity, it is detected at step 
306 whether the input channel, i.e. the trunk circuit, needs the flow control in 

10 the example of Figure 3. The need for flow control may indicate that too little 
capacity on the air interface is allocated. If the flow control is not needed, it is 
returned to step 301 to monitor the downlink direction. 

If the flow control is needed, the duration of the flow control is de- 
tected at step 307. Then, the duration of the flow control is compared with the 

15 subchannel capacity at step 308. This way it is detected whether the duration 
of the flow control during the measurement period is so long that the additional 
capacity could be used for transferring payload. For example, if the flow con- 
trol is active half the time, the channel capacity could be doubled. 

If it is detected at step 308 that the extent of the flow control dura- 

20 tion is not equal to the subchannel capacity (i.e. the size of the smallest stage 
of change), it is returned to step 301 to monitor the downlink direction of the 
connection. 

If it is detected at step 308 that the duration of the flow control is at 
least equal to the subchannel capacity, it is checked at step 309, whether 
25 there are resources, i.e. a subchannel (or subchannels), available on the air 
interface. If there are no resources available on the air interface, it is returned 
to step 301 to monitor the downlink direction of the connection. 

If it is detected at step 309 that there are resources available on the 
air interface, the upgrade procedure is performed at step 310 and the required 
30 amount of subchannels is allocated. Then it is moved to step 301 to monitor 
the downlink direction of the connection. 

In the embodiments, in which the events indicating the difference in 
the capacity are the transmission of padding and the buffering of data flow, 
steps 306, 307 and 308 change in Figure 3. At step 306, the need for buffering 
35 is checked. If it is not needed, it is moved to step 301. If the buffering is 
needed, the filling degree or the filling rate of the data buffer is detected at 
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step 307. At step 308 it is checked, whether the filling degree or filling rate of 
the buffer exceeds a predetermined threshold. A threshold can e.g. corre- 
spond to one subchannel capacity. If the threshold is exceeded, it is moved to 
step 309, which is the same as in the example described above in greater de- 
5 tail. 

The decision on the upgrade of the downlink direction can thus be 
made e.g. on the basis of the flow control duration or the filling degree or the 
filling rate of the buffer, and the decision on the downgrade of the downlink 
direction on the basis of the amount of padding to be transmitted. The differ- 

10 ence in the capacity between the connection parts is detected on the basis of 
the padding, flow control or buffering. As it appears from what is said above, 
the downlink direction is upgraded, if there are resources available on the air 
interface and the predetermined upgrade-related conditions for the flow control 
duration or the filling degree or filling rate of the buffer are fulfilled. The condi- 

1 5 tions may vary from what is described above, and e.g. at step 308 the duration 
or the filling rate can be compared to the half of the subchannel capacity, for 
example. Correspondingly, the downgrade is performed, if the condition set for 
the amount of padding to be transmitted in advance is fulfilled. At steps 304 
and 308 the change values may differ from each other. The condition relating 

20 particularly to step 304 is preferably a smallest possible change value of the 
capacity. This way it is ensured that the downgrade does not cause a need for 
flow control and/or buffering. 

Figure 4 starts with the situation after the call set-up. At step 401, 
the uplink direction of the connection is monitored. In other words, the output 

25 and input channel of the uplink direction are monitored. At step 402 it is 
checked whether the input channel, i.e. the mobile station, needs a flow con- 
trol in the example of Figure 4. The need for flow control may indicate that too 
much capacity on the air interface is allocated. If it is detected at step 402 that 
the flow control is needed, the duration of the flow control is detected at step 

30 403. Thereafter, the flow control duration is compared with the subchannel 
capacity at step 404. This way it is found out whether the flow control duration 
during the measurement period is so long that the channel capacity could be 
decreased at least by the amount of the smallest stage of change without 
slowing down or significantly slowing down payload transmission. 

35 |f it is detected at step 404 that the duration of the flow control is not 

equal to the subchannel capacity (i.e. the size of the smallest stage of 
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change), it is returned to step 401 to monitor the uplink direction of the con- 
nection. 

If it is detected at step 404 that the duration of the flow control is 
equal to at least the subchannel capacity, the capacity allocated to the con- 

5 nection is decreased by performing the downgrade procedure at step 405. In 
the second preferred embodiment, one subchannel is downgraded at a time. It 
would also be possible to downgrade more subchannels at one time, if the 
duration of the flow control were equal to at least the combined capacity of the 
subchannels to be "released". For example, if the flow control is active half the 

10 time, the channel capacity could be doubled. After the downgrade procedure, 
it is returned to step 401 to monitor the downlink direction of the connection. 

If it is detected at step 402 that flow control is not needed, i.e. that 
the amount of data needs all capacity, it is checked at step 406 whether pad- 
ding (fill frames, Receiver Ready frames etc.) is transmitted in the outgoing 

15 direction, i.e. the direction of the trunk circuit. The transmission of padding 
may indicate that too little capacity on the air interface is allocated. If the pad- 
ding is not transmitted, it is returned from step 406 to step 401 to monitor the 
uplink direction of the connection. 

If it is detected at step 406 that padding is going to the output chan- 

20 nel, the amount of the padding transmitted to the trunk circuit is measured at 
step 407. At step 408, the amount of the padding to be transmitted is com- 
pared to the subchannel capacity. In other words, it is checked how much 
padding is to be transmitted compared to the subchannel capacity. This way it 
is detected how much padding compared to the smallest stage of change of 

25 the capacity the transmission includes. On the basis of the comparison at step 
408 it is detected whether in addition to the payload, so much padding is 
transmitted that the additional channel capacity could be used for data trans- 
mission in such a manner that the resources on the air interface are not 
wasted . 

30 If the condition at step 408 is not fulfilled, it is returned to step 401 

to monitor the uplink direction of the connection. 

If it is detected at step 408 that the duration of the flow control is 

equal to at least one subchannel capacity, it is checked at step 409 whether 

there are resources, i.e. a subchannel or subchannels, available on the air 
35 interface. If there are no resources available on the air interface, it is returned 

to step 401 to monitor the uplink direction of the connection. 
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If it is detected at step 409 that there are resources available on the 
air interface, the upgrade is performed at step 410 and a necessary amount of 
subchannels is allocated. Then it is moved to step 401 to monitor the uplink 
direction of the connection. 
5 In the embodiments, in which the events indicating the difference in 

the capacity are the transmission of padding and the buffering of data flow, 
steps 402, 403 and 404 change in Figure 4. At step 402, the need for buffering 
is checked. If the buffering is not needed, it is moved to step 406, from which it 
is proceeded as described above. If the buffering is needed, the filling degree 

10 or the filling rate of the data buffer is detected at step 403. At step 404 it is 
checked, whether the filling degree or filling rate of the buffer exceeds a pre- 
determined threshold. A threshold can e.g. correspond to one subchannel ca- 
pacity. If the threshold is exceeded, it is moved to step 405, which is the same 
as in the example described above in greater detail. 

15 The decision on the upgrade of the upiink direction can thus be 

made e.g. on the basis of the amount of padding to be transmitted and the 
decision on the downgrade of the uplink direction either on the basis of the 
flow control duration or the filling degree or the filling rate of the buffer. The 
difference in the capacity between the connection parts is detected on the ba- 

20 sis of the padding, flow control or buffering. As it appears from what is said 
above, the uplink direction is downgraded, if a predetermined downgrade- 
related condition for the flow control duration or the filling degree or filling rate 
of the buffer is fulfilled. Correspondingly, the upgrade is performed, if there is 
capacity available on the air interface and the condition set for the amount of 

25 padding to be transmitted in advance is fulfilled. The conditions may differ from 
what is described above, and e.g. at step 408 the amount of padding can be 
compared to the half of the subchannel capacity. At steps 404 and 408 the 
change values may differ from each other. The condition relating particularly to 
step 404 is preferably the smallest possible change value of the capacity. This 

30 way it is ensured that the downgrade does not cause a need for flow control 
and/or buffering. 

If in the second preferred embodiment a symmetrical allocation is 
used, it is preferable to combine the functions described in Figures 3 and 4. In 
such a combined embodiment, the downgrade is only performed if the obser- 
35 vation of both the uplink and downlink sides supports the downgrade. If the 
downgrade allowed by the uplink side is not the same as the downgrade al- 
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lowed by the downlink side, a smaller downgrade procedure is performed with 
the smaller allowed downgrade. 

In such a combined embodiment, the upgrade is performed if the 
observation of either side enables the upgrade and there is capacity available. 
5 The upgrade level is equal to the amount indicated by the observation. 

The steps described above in Figures 3 and 4 are not in an abso- 
lute chronological order and part of the steps can be carried out simultane- 
ously or as differing from the described order. Between the steps, other func- 
tions can be performed as well. The conditions for the upgrade and down- 
10 grade procedures may also differ from what is described above. The condi- 
tions may also vary according to the allocation situation of the data transmis- 
sion resource (i.e. the air interface resource). For example, if all resources are 
allocated, a condition can be set for the downgrade procedure, the condition 
equalling e.g. half of the lowest possible change value of the capacity. If there 
15 are resources available, a stricter condition allowing the downgrade procedure 
may be used. It is essential that the real transmission rates of both connection 
parts, or the efficiency of the allocated transmission capacity, are compared to 
each other. When the comparison is made both in uplink and downlink direc- 
tions, also when using the asymmetrical allocation, the optimal use of re- 
20 sources on the air interface of both directions is ensured. 

If the mobile station requests more channel capacity (e.g. the 
UIMI/Modify function of the GSM, User Initiated Modification Indication), the 
network may utilize the prevailing capacity of the trunk circuit estimated on the 
basis of the functions of the invention and restrict the channel capacity of the 
25 mobile station to correspond to the situation of the trunk circuit. 

It is obvious for a person skilled in the art that as the technology de- 
velops, the basic idea of the invention can be implemented in various ways. 
The invention and the embodiments thereof are thus not restricted to the ex- 
amples described above, but they may vary within the scope of the claims in 
30 systems based on both a fixed network and wireless data transmission. 
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CLAIMS 

1 . A method for optimizing the use of data transmission resources 
between terminals in a telecommunication system and a network element in a 
telecommunication system, which method comprises the steps of: 

5 (a) forming an end-to-end connection between the terminal in the 

telecommunication system and the other party of the connection, which con- 
nection comprises the first connection part between the terminal and the net- 
work element and the second connection part between the network element 
and the other party, 
10 characterized by 

(b) monitoring the connection (301 , 401 ), 

(c) detecting an event indicating the difference in the capacity be- 
tween the connection parts during the monitoring (302, 306, 402, 406), 

(d) defining the extent of the event (303, 307, 403, 407), 

1 5 (e) checking whether the extent of the event fulfils a predetermined 

condition (304, 308, 404, 408), and 

(f) if the condition is fulfilled, changing the capacity allocated to the 
first connection part from said data transmission resources in such a manner 
that the difference in the capacity between the connection parts decreases 

20 (305,310,405,410). 

2. A method as claimed in claim 1, characterized by per- 
forming the steps (b) to (f) separately for the uplink and the downlink direction 

of the connection. 

3. A method as claimed in claim 1, characterized by 

25 performing the steps (b) to (e) separately for the uplink and the 

downlink direction of the connection, and 

upgrading said allocated capacity, if the extent of the event of either 
direction fulfils the predetermined condition. 

4. A method as claimed in claim 1 or 3, characterized by 
30 performing the steps (b) to (e) separately for the uplink and the 

downlink direction of the connection, and 

downgrading said allocated capacity, if the condition relating to the 
downgrade is fulfilled in both directions. 

5. A method as claimed in claim 4, characterized by down- 
35 grading by the amount of the smaller downgrade allowed, if the downgrade 
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allowed by the uplink side is not the same as the downgrade allowed by the 
downlink side. 

6. A method as claimed in any one of the preceding claims, 
characterized by the event indicating the difference in the capacity 

5 being the transmission of padding, and its extent being defined by measuring 
the amount of the padding to be transmitted. 

7. A method as claimed in any one of the preceding claims, 
characterized by the event indicating the difference in the capacity 
being the need for flow control, and its extent being defined by detecting the 

1 0 duration of the flow control. 

8. A method as claimed in any one of the preceding claims 1 to 6, 
characterized by the event indicating the difference in the capacity 
being buffering, and its extent being defined by detecting the filling degree or 

filling rate of the buffer. 

15 9 A method as claimed in any one of the preceding claims, 

characterized by the event indicating the difference in the capacity 
being the information received from the other connection part on its capacity, 
and its extent being defined on the basis of the difference in the capacity ex- 
pressed by the information. 

20 10. A method as claimed in any one of the preceding claims, 

characterized by the telecommunication system being a mobile com- 
munication system, and the data transmission resources being resources on 
the air interface. 

1 1 . A method for optimizing the use of resources on the air interface 
25 between a mobile station in a mobile communication system and a mobile 
communication network in a data call between the mobile station and the ter- 
minal, which method comprises the steps of: 

forming an end-to-end connection in such a manner that said con- 
nection comprises the first leg between the mobile station and the mobile 
30 communication network and the second leg between the mobile communica- 
tion network and the terminal, 

characterized by 

maintaining information on the capacity allocated to the first leg on 

the air interface (2-1, 2-1 OA, 2-11), 
35 receiving the information on the capacity of the second leg (2-4, 2- 

9A, 2-9B, 2-14), 
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comparing the capacities with each other, and 

if the capacities differ from each other, changing the capacity on the 
air interface of the first leg to correspond to the capacity of the second leg (2- 
5, 2-10A). 

5 12. A method as claimed in claim 11, characterized by 

transmitting the information on the capacity change of the first leg to the sec- 
ond leg (2-12). 

13. A method as claimed in claim 11 or 12, characterized 

by 

10 transmitting the information on the intention to change the capacity 

of the first leg to the second leg (2-7), 

receiving the information from the second leg whether it is capable 
of changing its capacity (2-9A, 2-9B), and 

changing the capacity of the first leg (2-1 OA), if the second leg is 
1 5 capable of changing its capacity (2-1 OA). 

14. A method as claimed in claim 11, 12 or 13, character- 
ized by 

receiving the information from the second leg on the intention to 
upgrade the capacity of the second leg (2-7), 
20 checking the available capacity (2-8), and 

if there is at least a predetermined minimum amount of capacity 
available, transmitting the information to the second leg that the capacity can 

be upgraded (2-9A), or 

if there is not a predetermined minimum amount of capacity avail- 
25 able, transmitting the information to the second leg that the capacity is not al- 
lowed to be upgraded (2-9B). 

15. A mobile communication system comprising 

the first mobile station (MS A) and the second mobile station (MS 

B). . . 

30 a mobile communication network (GSM) to establish and maintain a 

connection between said mobile stations, 

an air interface (Air) between the mobile stations (MS A, MS B) and 
the mobile communication network (GSM), and 

the mobile communication network comprising the first network 
35 element (MSC 1 , IWU) to form the first leg of the connection between the first 
mobile station (MS A) and the first network element and to allocate capacity to 
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the first leg from the air interface, and the second network element (MSC 2, 
IWU) to form the second leg between the second mobile station (MS A) and 
the second network element and to allocate capacity to the second leg from 

the air interface, 
5 characterized in that 

the first network element (MSC 1 , IWU) is arranged to maintain in- 
formation on the capacity allocated to the first leg from the air interface, re- 
ceive information on the capacity of the second leg, compare the capacities 
with each other and change the capacity of the first leg to correspond to that of 
10 the second leg in response to the difference between the capacities, and 

the second network element (MSC 2, IWU) is arranged to transmit 
information to the first network element on the capacity of the second leg. 

16. A mobile communication system as claimed in claim 15, 
characterized in that the second network element (MSC 2, IWU) is 

1 5 arranged to transmit information on the capacity of the second leg to the first 
network element in response to the capacity change of the second teg. 

17. A mobile communication system as claimed in claim 15 or 16, 
characterized in that the first network element (MSC 1 , IWU) is ar- 
ranged to inquire of the second network element (MSC 2, IWU) whether the 

20 capacity of the second leg can be changed, receive the response to the inquiry 
and change the capacity of the first leg only if the capacity of the second net- 
work element can be changed, and 

the second network element is arranged to receive the inquiry about 
the possibility to change the capacity of the second leg and to transmit infor- 

25 mation to the first network element on the possibilities to change the capacity 
of the second leg in response to the inquiry about the possibility of change. 

18. A mobile communication system as claimed in claim 15, 16 or 
17, characterized in that the first network element and the second 
network element are the same network element (MSC, IWU), which is ar- 

30 ranged to convey information on the capacity of the first and the second leg as 
an internal information of the network element. 

19. An interworking unit (IWU) of the telecommunication network, 
characterized in that it is arranged to monitor the connection between 
the terminal in connection with the telecommunication network and the second 

35 party, detect the event indicating the difference in the capacity between the 
first connection part between the terminal and the interworking unit and the 
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second connection part between the second party and the interworking unit, 
define the extent of the event and change the capacity allocated to the con- 
nection from the data transmission resources between the telecommunication 
network and the terminals, if the extent of the event fulfils the predetermined 
5 condition. 

20. An interworking unit (IWU) as claimed in claim 19, charac- 
terized in that it is arranged to monitor, detect, define and change said 
allocated capacity separately to the uplink and the downlink direction of the 
connection. 

10 21 . An interworking unit (IWU) as claimed in claim ^.charac- 

terized in that it is arranged to monitor, detect and define the uplink and 
the downlink direction of the connection separately and increase said allocated 
capacity if the condition relating to the upgrade of the capacity is fulfilled in 
either direction and decrease the capacity on the air interface only if the condi- 

1 5 tion relating to the downgrade of the capacity is fulfilled in both directions. 

22. An interworking unit (IWU) as claimed in claim 19, 20 or 21, 
characterized in that it is an interworking unit of the mobile communi- 
cation network and the data transmission resources are resources on the air 
interface. 
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^$6ntaa\>a£entin. TeidanUule^aSraajan kuluessa antaa lausumanne suta, 
^Kyvkksyfet^k&^e taman muodon .^Ciraston lahettamat asiakirjat tulee palau 



palauttaa . 



'•^ia/i^iVia ^C^Alyij^fmeirkityt kohdat pyydetaan korjaamaan seka toimittamaan 
pateri^vtiVaatimj&Vt-rJ-a tj£j&§£elma ruotsin kielella. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Inlcnflmonal application No. 
PCT/FI99/00840 



I. Basis of the report 



1. This report has been drawn 011 the basis of (Replacement sheets w hich have hcen furnished to the receiving Office in response to an invitation 
under Article 14 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments. ): 



□ 



the international application as originally filed. 



□ 



the description, pages 

pages 
pages 
pages 



□ 



the claims, 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



the drawings. 



sheets/fig 
. sheets /fig 
sh e ets /fig 
s heets /tig 



, as originally filed, 

. filed with the demand, 
, filed with the letter of 
. filed with the letter of 



, as originally filed. 

. as amended under Article 1 9, 

. filed with the demand, 

, filed with the letter of 

. filed with the letter of 



, as originally filed, 
. filed with the demand 
f filed with the letter of 
. filed with the letter of 



2. The amendments have resulted in the cancellation of: 
| j the description, pages 

j J the claims, Nos. 

j j the drawings. shoot n /fig 



3 I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
' ' 1 1 beyond the disclosure as filed, as indicated in the supplemental Box (Rule 70.2fc)). 



4. Additional observations, if necessary: 
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V. Rcsoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 

Novelty (N) Claims 1-22 YKS 

Claims. NO 

Inventive step (IS) Claims 1-22 YHS 

Claims jsjC) 

Industrial applicability (IA) Claims \ YKS 

Claims NO 



2. Citations and explanations 

The claimed invention relates to a method for optimising the 
use of data transmission resources in a telecommunications 
system. In an end-to-end connection between for example two 
mobile stations, the different connection parts are observed 
and compared (first mobile station to a base station being one 
connection part for example) . If the transmission capacity of 
different connection parts differs, the allocated capacity is 
changed so as to decrease this difference. 



IntcnMunnI application No. 
PCT/FI99/00840 



Documents cited in the International Search Report : 
Dl: WO 97 23110 
D2 : WO 96 10320 

Dl relates to an inter-MSC handover. The first mobile 
switching centre (MSC) indicates to the second MSC at least 
the minimum number of channels required over the connection. 

D2 relates to a data transmission method in a mobile 
communications system. A mobile station indicates the minimum 
and maximum requirements for the data transfer rate. 



Documents D1-D2 are considered to constitute the state of the 
art. None of D1-D2 show a method for monitoring the capacity 
of different connection parts of a connection and comparing 
and adjusting differences. The invention as claimed in claims 
1-22 is, with reference to D1-D2, novel and considered to 
involve an inventive step. The invention as claimed in claims 
1-22 is considered to have industrial applicability. 
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